Abstract Over India as a whole, between 1972-1973 and 2004-2005, the annual per capita consumption of sorghum declined from 8.5 to 2.7 kg (68 %) in urban areas and from 19.1 to 5.2 kg (73 %) in rural areas. However, in inland regions of Central, Eastern and Western Maharashtra and Northern Karnataka sorghum is still an important crop with annual per capita consumption in rural areas ranging from 31.8 to 54.2 kg and in urban areas from 9.9 to 34.0 kg. Moreover, in the rural parts of these areas as well as Northern Maharashtra, the inverse relationship between sorghum consumption and income is less apparent than elsewhere. Both states grow a large proportion of the Indian crop -Maharashtra 47 % and Karnataka 20 % with lesser amounts being grown in Andhra Pradesh 9 %. There is variation within regions of the three states with respect to the total amounts grown and the proportions of the two sorghum types, rabi and kharif. The former is preferred as food as the latter tends to be of poorer quality and subject to grain moulds: it is consequently mostly used as a feed ingredient in the poultry and livestock industries and as raw material for the alcohol industry. However, there are considerable shortfalls of rabi sorghum in most of the regions of the three states, the deficit for human consumption being made up from better quality samples of kharif sorghum, which is less expensive than the rabi type. It is suggested that sorghum should be included in the Public Distribution System (PDS) in Maharashtra, Karnataka and Andhra Pradesh and that research should be devoted to increasing the productivity of the rabi type, in order to make it affordable for the poorer sections of communities.
Introduction
Rice, wheat, sorghum, pearl millet and finger millet are the major cereal staples of Indian households but sorghum, pearl millet and finger millet are only consumed in the regions in which they are cultivated. Sorghum is the staple of central and western regions of Maharashtra and the northern regions of Karnataka and Andhra Pradesh and pearl millet is mainly consumed in the western states of India i.e. Gujarat and Rajasthan. Similarly, although wheat is consumed all over India, it is the main staple in the northern parts of India such as Punjab, Delhi, Haryana, Madhya Pradesh and Uttar Pradesh. Over the past decade, research studies that have analyzed household consumption data collected by the National Sample Survey Organisation (NSSO) have reported a long term historical decline in per capita consumption of all cereals and particularly nutritious cereals (Meenakshi 1996; Kumar 1998; Hanumanth Rao 2000; Radhakrishan 2005; Mittal 2006 ). This is partially attributed to a shift in dietary patterns of consumption from cereals to a more balanced diet that includes livestock products, fruit and vegetables (Chand 2007 ) -a change driven by income growth and urbanization.
This paper is concerned with the production and consumption of the coarse cereal, sorghum, focusing on disaggregated data at the regional level in the major growing states of Maharashtra, Karnataka and Andhra Pradesh. The aim of this type of region-specific analysis is to provide insights into:
4. Inter-state and intra-regional trade in sorghum.
Data source and methodology
The main data source for this study was the National Sample Survey Organisation. Various years. Level and pattern of consumer expenditure. Ministry of Planning and Programme Implementation, Government of India, New Delhi, which publishes data on household consumer expenditure on food and non-food items for rural and urban consumers in India every 5 years. The household consumption data pertaining to the 61st round (2004) (2005) was used to disaggregate the data for different regions of the states of Maharashtra, Karnataka and Andhra Pradesh. Disaggregation of the states into NSSO regions and the composition of districts in each region are presented in Table 1 . NSSO reports consumption expenditure of food items per capita for the 30 days preceding the survey (30 day recall). The survey was carried out in sub-rounds covering four seasons. The results, presented in this study, are based on the 30-day reference period and averaged for the four seasons. Per capita monthly consumption of sorghum was analyzed for all the regions in the selected states and across regions within a selected state.
Data on area, production and yield of sorghum at district level was obtained from publications of the Directorate of Economics and Statistics, Government of India, which provides such data for the principal crops grown in India. A three-year average of area and production of sorghum was considered to even out any sharp year-to-year fluctuations due to external factors. Sorghum production for both rabi (postrainy) and kharif (rainy) seasons obtained for the districts of Maharashtra, Karnataka and Andhra Pradesh were aggregated for different NSSO regions of the three states. The sorghum production thus obtained for these regions was used to arrive at an estimate of the gap between supply and demand at the regional level.
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To analyze differences in the consumption pattern across income groups of the NSSO regions of the three states, the NSSO sample was divided into three broad groups of low, middle and high income, based on the distribution of sample households across different expenditure classes.
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Results and discussion
Annual consumption trends of sorghum in rural and urban India
All-India
Between 1972-1973 and 2004-2005 , the annual per capita consumption of sorghum at the all-India level has declined 1 The NSSO household consumption data on sorghum is not separated into kharif and rabi sorghum and hence the sorghum production data for the two seasons has been combined for the purpose of comparison. 2 The classification of households into low, middle and high income is based on distribution of households in each expenditure class. For urban areas, household expenditure (in Indian Rupees) is classified according to the following criteria: <580 0 low, between 580 and 1,880 0 middle and >1,880 0 high. For rural areas, the criteria are <432 0 low, between 432 and 632 0 middle and >632 0 high. 
Regional level
Annual consumption of sorghum across different regions of the states of Maharashtra, Karnataka and Andhra Pradesh in rural and urban areas is presented in Table 2 . Inland Central Maharashtra (ICM), Inland Northern Karnataka (INK), Inland Eastern Maharashtra (IEM), Inland Western Maharashtra (IWM), South Western Andhra Pradesh (SWAP) and Inland Northern Andhra Pradesh (INAP) are the major sorghum consuming regions. These seven regions account for nearly 60 % of consumption of the total production of the three states. Geographically, they are located in close proximity to each other and hence it is not surprising that the consumption habits exhibit a similar pattern.
Inland Central Maharashtra (ICM), consisting of the districts of Nanded, Hingoli, Parbhani, Jalna, Aurangabad, Beed, Latur and Osmanabad and which comprise the traditional sorghum consuming belt of Maharashtra has the highest per capita annual consumption of 54 kg in rural areas and 34 kg in urban areas. Similarly, Inland Northern Karnataka (INK) which consists of the districts of Belgaum, Bagalkot, Bijapur, Gulbarga, Bidar, Raichur, Koppal, Gadag, Dharwad, Haveri, Bellary, Chitradurga and Davanagere has per capita per annum sorghum consumption of 50 kg in rural areas and 33 kg in urban areas.
Apart from cultural practices and the eating habits of these regions, other plausible reasons for such high consumption of sorghum include prevailing climatic conditions. These regions are prone to erratic rainfall and the soils are infertile and fragile. Hence sorghum, which is tolerant to drought and other adverse climatic conditions, is cultivated and forms one of the main staples for food and feed security. Another reason for high sorghum consumption is that it is thought to keep the body cool during the hot months (anecdotal evidence).
In contrast, coastal regions of these states consume small amounts of sorghum. Rice is largely preferred here, and other typical coastal habits such as fondness for fish, which is easily available, are characteristic of these regions.
Consumption pattern across income groups
State level
As expected, the average per annum consumption of sorghum across income groups both in rural and urban areas shows an inverse relationship with income. Low income groups in rural areas in all the three states consume larger quantities of sorghum compared to middle and high income groups (Fig. 2) . In urban areas too, a similar inverse relationship holds except for Andhra Pradesh where consumption levels are low (Fig. 3) . Urban consumers of all three income groups in Karnataka consume more than twice the quantity of sorghum compared to consumers in urban Maharashtra. As both states are in the traditional sorghumconsuming belt, the reasons for this large variation in consumption within urban areas needs further investigation.
One possibility is that sorghum has penetrated well into the urban areas of Karnataka because of the availability of a wide range of ready-to-eat sorghum products which cater to the urban population. In addition to this diversity, people may be more health conscious owing to surges in medical problems such as diabetes and coronary heart diseases. Field investigations may provide better explanations for the variation in consumption levels across these states, particularly in urban areas.
Regional level
Across the regions of Maharashtra, Karnataka and Andhra Pradesh in rural areas, Inland Central Maharashtra (ICM) has the highest average annual per capita consumption of sorghum by the low income group at 55 kg. For urban areas however, Inland Northern Karnataka (INK) has higher levels of sorghum consumption across all regions and income groups (Table 3) .
High and middle income groups in rural areas of INK consume more sorghum compared to the low income group. Thus, sorghum in INK is consumed irrespective of income groups, i.e. the inverse relationship between consumption and income for sorghum does not hold good, perhaps because this is the staple of the region. Thus even with an increase in income in rural areas, sorghum is not likely to be considered an inferior food in this region in the medium term. Similarly in ICM, IEM and IWM regions, sorghum is the staple in rural areas as reflected in high levels of per capita consumption across all income groups. In the urban areas of all regions, low income groups consume more sorghum than high income groups. Across all regions of the three states and all income groups, INK has the highest levels of consumption. Some of the possible reasons for higher consumption in urban areas have been alluded to earlier and the matter needs further investigation.
Production patterns of sorghum
State level
Among the major sorghum producing states in India, Maharashtra has the highest production with 47 % of all India production, followed by Karnataka (20 %) and Andhra Pradesh (9 %) ( Table 4) . Maharashtra produces almost equal proportions of both kharif (rainy) and rabi (postrainy) sorghum while the states of Karnataka and Andhra Pradesh produce more rabi than kharif sorghum.
Regional level
Within Maharashtra, Inland Western Maharashtra (IWM) has the highest area under rabi sorghum while Inland Central Maharashtra (ICM) has the highest area under kharif sorghum (Table 5) . Rabi sorghum production accounts for 79 % of total sorghum production within the IWM region, while it is 48 % in the ICM region (Table 6 ). The two regions (IWM & ICM) together account for 92 % of rabi and 47 % of kharif sorghum production in the state.
Price and non-price factors such as resource endowments, climate and consumption patterns of the regions, besides relative profitability explain the wide variation in cropping patterns across regions within a state. Inland Central Maharashtra (ICM), which consists of the districts of Nanded, Hingoli, Parbhani, Jalna, Aurangabad, Beed, Latur and Osmanabad are predominantly rainfed parts of the state and hence both rabi and kharif sorghum are cultivated there, the latter being in demand from industrial users for poultry, livestock feed and alcohol. Inland Western Maharashtra (IWM) consists of the districts of Pune, Ahmadnagar, Solapur, Satara, Kolhapur and Sangli and is endowed with better resources. As this is predominately a sorghum-consuming region it consequently has a larger proportion of cultivation under rabi. 
Sorghum supply and demand
State level
In all three of the major sorghum producing and consuming states, there is surplus production over household During 2004 During -2005 , Karnataka had the highest consumption to production ratio of 83 % followed by Andhra Pradesh and Maharashtra (Table 7) . Between 1999 Between -2000 Between and 2004 Between -2005 the surplus of production over consumption decreased by 10 % in Maharashtra and by 5 % in Andhra Pradesh while in Karnataka there was a marginal increase of 3 % (Table 8) . However, there was a decline in consumption of sorghum between 1999-2000 and 2004-2005 in Maharashtra and Karnataka. Thus, the overall increase in consumption to production ratio from 1999-2000 to 2004-2005 is due to falls in production in Maharashtra and Karnataka by 27 % and 20 %, respectively (Table 8) .
As indicated earlier, separate data for consumption of rabi and kharif sorghum were not available. However, based on field observations and literature we find that kharif production of sorghum is generally from hybrids and is susceptible to grain mold. Consequently, the produce is of poor quality and less preferred for human consumption (Parthasarathy Rao et al. 2006) . The best quality kharif grain is mainly consumed by low income consumers because of its lower price than that of rabi sorghum, wheat and other grains. On the other hand, 
Region
Kharif production
Rabi production
Kharif share to total regional production (%)
Rabi share to total regional production (%) 90 % of the production of rabi sorghum is used for human consumption and a small proportion goes to the processed food sector (field observations; Rao Dayakar et al. 2010) . Hence, the surplus production in all the three states available after meeting the consumption demand is mainly kharif sorghum. Kharif sorghum tends to be used more as feed ingredient in the poultry and livestock industries and as raw material for the alcohol industry and is traded across regions and states in India to meet these demands (Kleih et al. 2000; Marsland and Parthasarathy 1999) . Surpluses of rabi sorghum are reflected in inter-state and inter-regional trade from surplus to deficit regions, mainly to meet food demand for household consumption and sorghum rotis in restaurants. Rabi sorghum is also traded for seed purposes and mainly used to grow the plant as a fodder crop in neighboring states such as Gujarat.
The majority of the restaurants in the Marathwada region and southern parts of Maharashtra and northern Karnataka include sorghum rotis on their menus. They are also obtainable in a few other big cities in these states where they are promoted as a novel delicacy. Hence rabi sorghum requirement by hotels and restaurants has been increasing over time; however, this demand has not been captured by NSSO data and it needs to be made clear that a portion of the surplus production, particularly rabi sorghum, would be accounted for by this sector. The fact that food consumed outside the home is not included or allowed for has been a major shortcoming of household consumption data collected by NSSO.
Regional level
As with the state level picture, there is surplus production over consumption in most of the sorghum growing regions. However, if household consumption needs are accounted only from rabi sorghum, production in most of the regions would fall short of meeting the demand (Table 9 ). This shortfall is presently met from kharif sorghum of good quality. Increasing production of rabi sorghum through productivity or increasing the area sown to the crop would bring down the price of rabi sorghum and make it affordable for low income consumers.
Conclusion
Regional level disaggregation of sorghum consumption in important producing and consuming states has shown that sorghum is still important in the consumption basket particularly in the rural regions of central, eastern and western Maharashtra and northern Karnataka. This is further corroborated by household consumption data analyzed at the state level that indicates sorghum is still able to compete with rice and wheat in Maharashtra and with wheat in Karnataka.
A further disaggregation of the data by income groups has shown that in sorghum-growing and consuming regions, sorghum is consumed by all income groups but generally more so by lower income consumers. In the urban areas of Inland Northern Karnataka (INK) region, consumption of sorghum by the high income group is unexpectedly more than that of their peers in the low income group. Most of this consumption can be attributed to rabi sorghum which is 50 % to 100 % more expensive than kharif sorghum. This suggests that, even with increase in income, sorghum as a food is not going to be seen as an inferior dietary component in these regions, at least in the medium term The higher consumption of sorghum in urban regions by higher income groups in the INK region of Karnataka shows better penetration of sorghum value-added products such as, for example, dry rotis, dosa, vermicelli and upma. Availability of such diversified products acts as one of the factors that drives home consumption. Field level findings suggest that there is scope to arrest the declining demand for sorghum in urban centers by promoting value-added and ready-to-eat products as they are much in demand in hotels and restaurants. Though consumers are aware of the health benefits of sorghum in their diets, lack of availability of processed products comparable to those available for wheat has contributed to the decline in consumption of sorghum. Hence, keeping in view the potential benefits of sorghum, research efforts should be focused on release of varieties to cater to the demand from the processing sector as this should result in better value-added products which would meet the demand of the growing urban population.
There is surplus production of sorghum available from most of the regions of the producing states but most of this is kharif production which is used for industrial processes and only about 40-45 % is used as food. Rabi sorghum is traded for food use to the non-producing regions in these states.
As sorghum is still a staple, and an important commodity for food consumption in Maharashtra, Karnataka and Andhra Pradesh, efforts should be made at the policymaking level to include sorghum in the Public Distribution System (PDS) in these states.
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